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同步糖化发酵（Simultaneous Saccharification and Fermentation，SSF）产氢。
通过单因子试验及正交试验对产氢条件进行了优化，确定同步糖化发酵产氢的
佳条件为：温度 37.5 ℃，pH 7.0，纤维素酶用量为 15 FPA/g 甘蔗渣，摇床转
速 145 r/min，发酵时间 72 h，在该条件下的 大氢产量为 104.8 mL/g 甘蔗渣。 
光合细菌 R.palustris CN 细胞内含有多种氢酶，其中膜结合态氢酶 hup 在
光照条件下催化吸氢。本研究将链霉素基因插入到 hup 氢酶基因间使其失活，
构建了吸氢酶功能缺失的突变菌株（ hup△  CN）。对 hup△  CN 及野生菌株 R. 
palustris CN 利用产酸克雷伯氏菌 HP1 暗发酵产氢废液进行光发酵产氢，结果
表明在产氢的第三天， hup△  CN 产氢速率开始明显高于原始菌株，并在第五天
达到 大产氢量（43.2 mL/g 甘蔗渣），比原始菌株产氢量（30.8 mL/g 甘蔗渣）
提高 40.3%。 
采用暗发酵与光发酵联合产氢的方式可以明显提高生物制氢的效率，本研究


















In a variety of hydrogen production methods, biological hydrogen 
production has received increasing attention because it can use organic waste 
and eliminate environment pollution. Biological hydrogen production could be 
classified as dark ferment hydrogen production and light ferment hydrogen 
production. Under dark ferment conditions, hydrogen producing bacteria could 
utilize organic substrate to produce hydrogen and generate a number of 
metabolites such as organic acids which could be used as material by 
photosynthetic bacteria for light ferment hydrogen production. 
In this research, the combined dark-light ferment hydrogen production by 
Klebsiella oxytoca HP1 and Rhodopseudomonas palustris CN, using bagasse 
as substrate, were studied. The bagasse was firstly pretreated with acid or 
alkali. Then the dark ferment hydrogen production was carried out by 
simultaneous saccharification and fermentation (SSF) with Klebsiella oxytoca 
HP1. The optimal conditions for dark ferment hydrogen production were 
achieved as: pH 7.0, ferment temperature 37.5 ℃, cellulase dose 15 FPA U/g 
bagasse, shake rate 145 r/min and ferment time 72 h. A maximum H2 
production of 104.8 mL/g bagasse was obtained under the above conditions.  
R.palustris CN contained variety of hydrogenases, among which the 
hydrogen-uptake (hup) hydrogenase responsible for hydrogen uptake under 
light. The hup hydrogenase gene deletion mutant (△hup CN) was constructed 
by inserting streptomycin gene into R.palustris CN hup hydrogenase genes. 
The light ferment hydrogen production by the mutant reached to 43.2 ml/g 
bagasse, which increased 40.35% compared to the original strain (30.8 ml/g 
bagasse). The hydrogen produced by combined dark-light ferment reached 
148 ml/g bagasse, which increased 29% compared to only dark ferment 
hydrogen production.  
    Key word: Photosynthetic bacteria; Hydrogenase gene; Deletion mutant; 





























































放热效率高，燃烧1 g氢可以放出1.4×104 J的热量，约为燃烧1 g汽油放热的3倍














图 1-1 目前采用的制氢方法及氢的应用[6] 























































































































图 1-2 光合细菌光合产氢过程电子传递示意图[25] 
Fig.1-2 Electron transfer diagram of photosynthetic hydrogen production 
by photosynthetic bacterium 
PS:光合反应中心  Photosynthetic reaction center; Q: PSⅡ阶段的主要电子接受体 
PS main electron receptor; Cytbc1:Ⅱ 细胞色素  bc1 cytochrome; Fd:铁氧还原蛋白 





























属的不同菌株。Willison 等[28]化学诱变 Rhodopseudomonas capsulata B10 菌
株筛选到的膜结合氢酶缺陷株，生长迅速，产氢量明显提高。变异株在 L-苹果
酸、DL-苹果酸和 D-苹果酸中的产氢量分别比野生型菌株提高 10%～20%、
20%～50%和 70%。Hustade 等[29]筛选获得的 R.sphaeroides PHB 缺陷株在乙
酸基质中的产氢量比野生型有大幅度提高。John 等[30]插入诱变 R.capsulata B10
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